WORLD INTELLBCTUAL PROPERTV ORGANIZATION 
international Bureau 





PCX 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATEON TREATY (PCT) 



(51) International Patent Classification ^ : 

A61K 31A8, 31/63, 31/54 // (A61K 31/18, 
31:57, 31:565) (A61K 31/63, 31:57, 
31:565) (A61K 31/54, 31:57, 31;565) 



Al 



(11) International Publication Nuinl>er: WO 97/31631 

(43) International Publication Date: 4 Sq)teinber 1997 (04.09.97) 



(21) InternaUonal Application Number: PCT/GB 97/00529 

(22) International Filing Date: 26 Februaiy 1997 (26.02.97) 



(30) Priority Data: 
9604143.9 
60/012,354 



27 Fehruaiy 1996 (27.02.96) GB 
27 Pebraaiy 1996 (27.02.96) US 



(71) Applicant (for all designated States except US): RPMS TECH- 

NOLOGY LIMITED [GB/GB3; Commonwealtb Building, 
Du Cane Road, London W12 ONN (GB). 

(72) Inventor; and 

(75) InventorMppIicant (for US only): BENNETT. Phillip, Robert 
[GB/GB]; RPMS Institute of Obstetrics & Gynaecology, 
Queen Charlotte^fi & Chelsea Hospital, Goldhawk Road, 
London W6 OXG (GB). 

(74) Agent: BASSETT, Richard; Eric Potter Ciarkson, Sl Mary's 
Court, St. Mary's Gate. Nottingham NGl ILE (GB). 



(81) Designated States: JP, US, Buropean patent (AT, BE, CH, DE, 
DK, ES, H, FR, GB. GR. IE, IT, LU, MC, NL. PT, SE), 



Published 

With international search report. 

Before the expiration of the time limit far amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Tiae: C0X.2 SELECTIVE INHIBITORS FOR MANAGING LABOUR AND UTERINE CONTRACTIONS 



(57) Abstract 

The present invention concerns a method of substanHally preventing or reducing at least one of the changes in the female reproductive 
system associated with the onset or continuation of labour, the method comprising administermg to the female an efifecuve amount of a 
compound which selectively inhibits cyclo-oxygenase-2 (COX>2) function. Also provided is a method of substantially preventing or reducmg 
uterine contractility either occurring during pregnancy or associated with menoiifaagia. The method compnsing admimstenng to the fernalc 
an effective amount of a compound which selectively inhibits cyclo-oxygcnase.2 CCOX.2) function. Preferably the compound is nimesubdc, 
iiosulide or meloxicam and can be used in combination with a progestogen, a progestin or a progestational agent. 



pPCT AVAILABLE COPY 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Annen» 


6B 


AT 


Austria 


GE 


AU 


Australia 


GN 


BB 


Barbados 


GR 


BE 


Belghun 


HU 


BF 


Burkina Faso 


IE 


BG 


Bulgaria 


IT 


BJ 


Benin 


JP 


BR 


Bnzil 


KE 


BV 


Belanu 


KG 


CA 


Canada 


KP 


CF 


Cential African Republic 




CG 


Congo 


KR 


CH 


Swiczertand 


. KZ 


a 


Cfite d'lvoire 


U 


CM 


Cameroon 


LK 


CN 


China 


LR 


cs 


Czechoslovakia 


LT 


cz 


Czech Republic 


LU 


DE 


Germany 


LV 


DK 


Dcmnaik 


MC 


EE 


Estonia 


MD 


B5 


Spain 


MG 


FI 


FinbUM] 


ML 


FR 


Frince 


MN 


GA 


Gabon 


MR 



United Kingdom 

Geofgia 

Guinea 

Greece 

Hmgvy 

Iretand 

Italy 

Japui 

Kenya 

Kyrgyjtan 

Democratic People 'i Republic 
of Korea 

RepiUiik of Koiea 

Kazaklistan 

Lieehtenstein 

SH Lanka 

Liberia 

Lithuania 

Luxembourg 

Latvia 

Monaoo 

Republic of Moldova 

Madagascar 

Mali 

Mongolia 
Mauritania 



MW Malawi 

MX Mexico 

NE Niger 

NL Netherlands 

NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

RU Russian Federation 

SD Sudan 

SE Sweden 

SG Singapore 

SI Slc^renia 

SK SlovakU 

SN Senega] 

SZ Swaziland 

TD Chad 

TG Togo 

TS Tajikiscan 

TT Trinidad and Tobago 

UA Ukraine 

UG Uganda 

US United States of America 

UZ Uzbekistan 

VN Viet Nam 



wo 97/31631 



PCT/GB97/00S29 



COX-2 SELECnVE INHlBrTORS FOR MANAGING LABOUR AND UTERINE CONTRACTIONS 

The present invention relates to conopounds for use in managing labour, 
in particular compounds related to the management of pre-term 
5 contractions. 

Pre-term labour remains a significant problem in modem obstetric 
practice. It occurs in up to ten percent of all births but accounts for over 
85 % of perinatal deadis and an unknown proportion of mental and 

10 physical handicap (Marthis and Eschenbach (1990) **The role of bacterial 
vaginosis as a cause of amniotic fluid infection, chorioamnionitis and 
prematurity - a review" Arch. Gynecol Obstet. 247(1), 1-13. Although 
advances in neonatal intensive care have brought improvements in survival 
and morbidity rates for pre-term infsants there has been litde improvement 

15 in therapeutic options to stop pre-term contraction in the last decade. 

There is evidence for the roles of prostaglandins in the early biochemistry 
of human parturition (Bennett (1988) "The Biochemical Mechanisms of 
Preterm Labour" in Contemporary Obstetrics and Gynaecology Ed. 

20 G.V.P. Chamberlain, Butterwonh, London; Challis et al (1991) 
"Endocrinology of labour Fet. Med. Rev. 3, 47-66). Prostaglandins are 
formed from the precursor arachidonic acid. Arachidonic acid is a 
substrate for at least three enzyme groups. Metabolism via the cyclo- 
oxygenase pathway produces tihe classical prostaglandins, prostacyclin and 

25 thromboxane. Metabolism via the lipoxygenase enzyme pathways 
produces a series of hydroxyeicosatetraenioc acids (HETEs) including the 
leukotrienes, and metabolism via epoxygenase pathways produces a series 
of epoxyeicosatetraenioc acids. 

30 The principle sources of the prostaglandins which initiate labour are the 
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fetal membranes and decidua. Amnion contains large stores of 
arachidonic acid. Prior to labour arachidonic acid metabolism in amnion 
is principally via the lipoxygenase enzyme pathways to produce 5- and 12- 
HETE and leukotriene B4 (Bennett et al (1993) *'Changes in arachidonic 
5 acid metabolism in amnion cells associated with increased cyclo-oxygenase 
gene expression at parturition" Br. J. Obsteu Gynaecol 100, 1037-42). 
There is also production of 14,15-epoxyeicosatetraenioc acid (Patel et al 
(1989) "Production of epoxygenase metabolite by human reproductive 
tissues'* Prostaglandins 38(6), 615). In association with labour, there is 

10 an increase in overall arachidonic acid metabolism and a change in the 
ratio of cycio-oxygenase to lipoxygenase metabolism to fevour synthesis 
of prostaglandin E2. These changes are also seen with pre-term labour 
(Bennett et al (1987) "Preterm Labour: Stimulation of arachidonic acid 
metabolism in amnion cells by bacterial products" Am. /• Obstet GynecoL 

15 156,649-55). Prostaglandin E2 is known to mediate cervical ripening and 
to cause uterine contractions. 

The roles of the lipoxygenase metabolites of arachidonic acid in amnion 
are unknown. Work performed by Bennett et al (1988) ("The effects of 

20 lipoxygenase metabolites of arachidonic acid upon contractility of hun^n 
pregnant myometrium in vitro^ Prostaglandins 33, 837) and by Walsh 
(1 989) CS-Hydroxyeicosatetraenioc acid, leukotriene C4 and prostaglandin 
F2a in amniotic fluid before and during term and pre-term labor** Am. J. 
Obstet. GynecoL 161, 1352) has shown that 5-HETE is oxytocic and may 

25 play a role in prelabour (Braxton-Hicks) contractions. Its production, as 
part of an inflanmiatory reaction may also, therefore, play a role in the 
contractions of pre-term labour. 

Whilst the central role of prostaglandins in the initiation of human labour 
30 is established, the mechanisms which control arachidonic acid metabolism 
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in the fetal membranes, and which stimulate prostaglandin production at 
term or pre-term are poorly understood. A wide range of theories have 
been proposed. It has been suggested that a fetal stimulus may act via the 
amniotic fluid. Candidates for the stimulus include platelet activating 
5 factor (PAF) (Hoffman et al (1990) "Detection of platelet activating factor 
in amniotic fluid of complicated pregnancies'' Am. J. Obstet. Gynecol. 
162, 525-528) and mterleukin 1 (ILl) (Romero et al (1988) "Infection and 
labor; Interleukin 1 a signal for the onset of parturition" Am. /, Obstet. 
Gynecol. 160, 1117-1123; Romero et al (1990) "Amniotic fluid 

10 interleukin-1 in spontaneous labor at term" Rep. Med. 35(3), 235). 
Both of these are found in increased concentration in the amniotic fluid in 
association with labour, and both will stimulate prostaglandin production 
in amnion cells in vitro. PAF is believed to be a particularly strong 
candidate since its secretion by the fetus into the amniotic fluid is related 

15 to fetal lung maturity. In the sheep the onset of labour is associated with 
an increase in fetal Cortisol secretion leading to increased placental 
oestradiol synthesis at the expense of progesterone. Such changes cannot 
be demonstrated in the maternal circulation in the human. An alternative 
hypothesis is an increase in the activity of the CRH/ACTH/cortisol system 

20 within the fetal membranes and placenta leading to local changes in steroid 
hormone concentrations which in turn stimulate increased prostaglandin 
synthesis (Cfaallis etal (1991) "Endocrinology of labour" Fed. Med. Rev. 
3, 47-66). 

25 Until recentiy it was phospholipase activity which was thought to be the 
limiting factor in prostaglandin production in the fetal membranes. 
However any stimulus to prostaglandin production must also increase the 
activity of the enzyme cyclo-oxygenase since it has a short half life and 
undergoes destruction after a limited number of reactions (Marshall et al 

30 (1979) "Constraints on prostaglandin synthesis in tissues" J. Biol. Chem. 
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262, 3510-3517)). Evidence that amnion produces only lipoxygenase 
metabolites of arachidonic acid before labour, and the change ia the ratio 
of cycio-OKygenase:lipoxygeiiase metabolism with labour suggests that the 
activities of the two enzymes, COX and phospholipase, must be 

5 independently but coordioately controlled (Bennett et al (1987) "Preterm 
Labour: Stimulation of arachidonic acid metabolism in amnion cells by 
bacterial products" Am. J. ObsteL Gynecol 156, 649-55; Bennett et al 
(1993) "Changes in arachidonic acid metabolism in amnion cells 
associated with increased cyclo-oxygenase gene e>5>ression at parturition** 

10 Sr. /. Obsteu Gynaecol. 100, 1037-42). The enzyme kinetics studies of 
Smieja et al (1993) Prostaglandin endoperoxide synthase kinetics in 
human amnion before and after labour at temi and following pre-term 
labour" Placenta 14, 163-175) suggest that the increase in COX activity 
in amnion with the onset of labour is due entirely to an incrraise in fee 

15 synthesis of the COX enzyme. 

A cyclo-oxygenase gene which produces a mRNA transcript of 2.8 kb was 
reported in human and other species in 1988 and 1989 (DeWitt and Smith 
(1988) "Primary structure of prostaglandin G/H synthase from sheep 

20 vesicular gland determined from the complimentary DNA sequence'* Proc. 
Natl. Acad. ScL USA 85, 1412-1416; Merlie et al (1988) J. BioL Chem. 
263(8), 3550-3553; Yokdyama and Tanabe (1989) "Cloning of the human 
gene encoding prostaglandin endoperoxide synthase and primary structure 
of the enzyme" Biochem. Biophys. Res. Comm. 165(2), 888-894). In 

25 1991 a second cyclo-oxygenase gene was reported whose expression is 
induced by mitogens and inhibited by glucocorticoids (O'Banion al 
(1991) "A serum and glucocorticoid regulated 4 kb mRNA encodes a 
cyclo-oxygenase related protein" /. BioL Chem. 266(34), 23261-23267). 
This gene usually encodes a mRNA of greater than 4 kb. The transcript 

30 size difference between die type 1 and type 2 cyclo-oxygenases is 
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accounted for by a long 5' untranslated region in the type 2 mRNA. 
Although not identical, the type 1 and type 2 proteins are of similar 
molecular size and show a high degree of homology. At present there is 
no evidence that these two enzymes have any intrinsic fimctioiial 
5 differences. 

The COX-1 and COX-2 genes are on different chromosomes but have a 
similar intron/exon arrangement. The COX-1 gene spans over 22 kb of 
genomic DNA whilst the COX-2 gene spans only 8 kb. The long 3' 

10 untranslated portion of COX-2 mRNA contains multiple copies of the 
Shaw-Kamen sequence (AUUUA) which are a feamre of early response 
genes with rapid mRNA degradation (Kosaska et al (1994) Eur. J 
Biochem. 221, 889-97). Although not identical, the type 1 and type 2 
proteins are of similar molecular size and show a high degree of 

15 homology. COX-1 appears to be constimtively expressed in cells with 
constant prostaglandin synthesis. COX-2 is an inducible, early response 
gene whidi mediates acute prostaglandm synthesis, for example in 
inflammation (Vane (1994) "Towards a better aspirin" Nature 367, 215). 

20 Slater et al (1994) "Implication of RNA binding protems in the regulation 
of cyclo-oxygenase in human amnion at term" Biochem. Biophys. Res. 
Comm. 203(1), 67-71 describes experiments showing that a protein binds 
to COX-2 mRNA which may be involved in translation initiation or in 
mRNA stability. 

25 

We have found that northern blot analysis is unsatisfactory in the study of 
COX expression because of the low abundance of COX-1 and the 
homology between COX-1 and COX-2 cDNAs. We have therefore 
developed a reverse transcriptase polymerase chain reaction assay (RT- 
30 PCR) which allows tibe expression of the two genes to be independently 
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Studied. We found that, in amnion, both before and after labour, the 
COX-2 mRNA has over 100 fold greater abundance than the COX-1 
mRNA (Slater et al (1994) "The relative abundance of type 1 to type 2 
cyclo-oxygenase mRNA in human amnion at term** Biochem. Biophys. 
5 Res, Comm. 198(1), 304-308). There appears to be no increase in COX-1 
expression with labour but COX-2 transcription appears to double (Slater 
et al (1995) ''Changes in the expression of types 1 and 2 cyclo-oxygenase 
in hmnan fetal membranes at term" Am. J. Obstet. Gynecol. 172, 77-82). 



10 In a model of pre-term labour due to infection we have previously shown 
(Bennett et al (1987) "Preterm Labour: Stimulation of arachidonic acid 
metabolism in amnion cells by bacterial products" Am. J. Obstet. GynecoL 
156, 649-55; Bennett et al (1993) Br. J. Obstet. Gynaecol. 100, 1037-42) 
that bacteria may release phospholipases which increase arachidonic acid 

15 availability for synthesis to prostaglandins. Whedier pre-term labour is 
due to infection or not there appears to be an associated inflammatory 
reaction with increased synthesis of cytokines such as interleukin 1^3 (IL- 
1/Sf) within die utems (Romero et al (1989) Am. J. Obstet. GynecoL 160, 
1117-1123). 

20 

There are currently no drags available which will safely and effectively 
inhibit pre-term contractions. The most commonly used agents, /3- 
sympathomemetics such as Ritodrme, Salbutamol and Terbutaline, cause 
significant maternal cardiovascular, respiratory and metabolic side effects 

25 and may lead to pulmonary oedema, cardiac failure and maternal death. 
Furthermore they are subject to tachyphylaxis and become ineffective after 
24 to 48 hours. This tachyphylaxis is probably due to down regulation, 
by /3-sympathomemetics, of their own receptor. Meta-analysis of 
randomised controlled trials has shown that the value of /3- 

30 sympathomemetics is only in the temporary delay of labour to allow in 
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uiero transfer or administration of steroid to improve fetal lung surfactant 
production. 



Indomediacin, a cyclo-oxygenase inhibitor is effective in preventing the 

5 contractions of pre-term labour. It is more effective in short term 
prolongation of pregnancy than the /S-sympathomimetics and, unlike /3- 
synqjathomemetics, it can reduce die risk of delivery pre-term (Keirse 
(1995) "Indomethacin tocolysis in pretram labour" in Pregnancy and 
Childbirth Module Enldn, M.W., Keirse, M.J.N.C., Renfrew, M.J., 

10 Neilson, J.P.) Cochrane Database of Systematic Reviews, No 04383, 
Oxford). The use of Indomethacin is limited by fetal side effects. 
Indomethacin reduces fistal urine ouiptu, both by reducing renal blood flow 
and by reducing prostaglandin E mediated inhibition of arginine 
vasopressin (A VP) in die collecting duct (Kirshon et al (1991) "Long term 

15 indomethacin therapy decreases fetal urine output and causes 
oligohydramnios " Am. J. Perinatol. 8(2), 86; Kosaska, T., Miyata, A., 
Diara, S. et al (1994) "Characterisation of the human gene encoding 
prostaglandin endoperoxide synthase" E«r. J. Biochem. 221, 889-97; 
Stevenson and Lumbers (1992) "Effects of indomethacm on fetal renal 

20 fimcrion, renal and umbilicc^lacental blood flow and lung liquid 
production" Journal of Developmental Physiology 17, 257-64; Walker et 
al (1994) "Indomethacin and arginine vasopressin interaction in the fetal 
kidney: A mechanism of oliguria" American Journal of Obstetrics and 
Gynecology 171, 1234-41). Indomethacin also causes constriction of the 

25 ducms arteriosus (Moise et al (1995) Am. J. Obstet. Gynecol. 170(45), 
1204-5), presumably mediated through suppressed synthesis of 
vasodilatory prostaglandms produced by the ductus. Altiiough Doppler 
studies show an effect in all exposed fetuses, clinically significant ductal 
constriction occurs only in a proportion, increasing with gestational age 

30 from 10% at 26 weeks to 50% at 32 weeks. Accordingly the use of 
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indomettiacin is iimited in clinical practice to use ^ 32 weeks, and to 
short courses (^48 hours) after which any effects on the constriction of 
the ductus have been shown to.be reversible (Tulzer ei al (1991) "Doppler 
echocardiography of fetal ductus arteriosus constriction versus increased 
5 right ventricular output" JACC 18(2), 532-36; Moise et al (1993) ''Effect 
of advancing gestational age on the frequency of fetal ductal constriction 
in association with maternal indomethacin use'' Am. J. Obstet. GynecoL 
170(45), 1204-5; Respondek et al (1995) "Fetal echocardiography during 
indomethacm treatment" Ultrasound Obstet. GynecoL 5, 86-89). Short 

10 term use < 32 weeks has not been associated with the complications of 
longer term therapy such as oligohydramnios and rarely premature closure 
of the ducms leadmg to pulmonary hypertension which may lead to 
persistance of the fetal circulation in neonatal life. Because of these side 
effects some obstetricians now use Sulindac, which appears to be equally 

15 good as a tocolytic (Carlon et al (1992) Obstet. Gynecol 85(5), 769-774) 
in place of Indomethacin. Sulindac produces a smaller reduction in fetal 
urine output and minimal effect on ductal patency (Carlon et al (1992) 
Obstet. Gynecol 85(5), 769-774; Rasanen and Jouppila (1995) "Fetal 
cardiac function and ductus arteriosus during indomethacin and sulindac 

20 therapy for threatened preterm labour; A randomised study Am. J. 
Obstet. Gynecol 173(1). 20-25). The reason for the differential effects 
is not imown, but would appear related to its administration as a pro-drag, 
leading to less of the active drug crossing the placenta, and possibly less 
of the activating enzyme being present in ductal tissue (Kramer et al 

25 (1995) "Placental transfer of sulindac and its active metabolite in hiunans'* 
Am. J. Obstet. Gynecol 172(3), 886-90). However, Sulindac is far from 
an ideal choice of tocolytic agent. 

Nimesulide is a non-steroidal, anti-inflammatory drug (NSAID) which is 
30 widely prescribed in Europe for the management of connective tissue 
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inflammatory disorders, post operative analgesia and febrile episodes in 
children. It is comparable in efficacy to other NSAID's but has fewer 
gastric side effects. Previoi^s studies of its mechanism of action have 
suggested that, unlike other NSAID's, it does not inhibit the action of 
5 prostaglandin endoperoxide synthase (PGHS, cyclo-oxygenase) or the 
synthesis of prostaglandins (Magni (1993) "The effect of Nimesuiide on 
prostanoid formation" Drugs 46 (SuppL 1), 10-14. 

There is therefore a need for improved methods of managing pre-term 
0 labour and, in particular, pre-term contractions. It is an object of the 
invention to provide such improvements. 

A first aspect of the invention provides a method of substantially 
preventing or reducing at least one of the changes in the female 
5 reproductive system associated with the onset or continuation of labour the 
method comprising administering to the female an effective amount of a 
compound which selectively inhibits cyclo-oxygenase-2 (COX-2) function. 

Cyclo-oxygenase-2 (COX-2) is also called prostaglandin endoperoxide 
0 synthase-2 (PGHS-2). The COX-2 gene and the sequence of its 
polypeptide product are described in O'Banion etal (1991) J. BioL Chem. 
266, 23261-23267 incorporated herein by reference. 

During the onset of labour the female reproductive system (which includes 
5 the uterus, cervix and vagina) undergoes various biochemical changes 
which prepare the female for delivery. 

For example, the uterus increases in contractility and undergoes 
contractions. The cervix also ripens in readiness for delivery. Such 
0 changes are well known in the arts of obstetrics, gynaecology and 
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midwifery and, for example, the Bishop's score indicates the degree of 
cervical ripening. 

There are many situations where it is useful to substantially prevent or 
5 reduce at least one of the changes in the female reproductive system 
associated widi the onset or continuation of labour. For example, it is 
well known that certain groups of pregnant women are at high risk of pre- 
term labour. Women that have had one or more pre-term labours 
previously are at considerably higher risk of a further pre-term labour 
10 when pregnant. An increased risk of pre-term labour can also be 
determined by measuring oncofoetal fibronectin levels and by cervical 
examination using methods well known in the art. 

Various infections, especially bacterial infections, are also known to 
15 increase the risk of pre-term labour. 

Thus, the method of the invention is particularly useful as a prophylactic 
method in those pregnant women at risk of pre-term labour. 

20 . It is also useful to prevent or reduce at least one of the changes in the 
female reproductive system associated with the continuation of labour, 
particularly uterine contractions, temporarily in circumstances where this 
is desirable. For example, it may be desirable temporarily to inhibit 
uterine contractions during labour in order to clear the foetal lungs or in 

25 order to transfer the woman from one place to another. It is often 
desirable to transfer the woman to a more suitable place where better care 
is available for her and the baby. 

Thus, the method of the invention allows for the interruption of labour by 
30 inhibiting uterine contractions. 
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It is also useful to substantially prevent for a considerable duration pre- 
term labour using the method of tbe invention. In particular, it is useful 
to inhibit pre-term uterine contractions from the time when they first occur 
(or soon thereafter) until the normal time of delivery. Thus, typically, the 
5 woman is administered an effective amount of a compound which 
selectively inhibits COX-2 function from the tune she presents with pre- 
term contractions to between 37 and 42 weeks following conception. 

A particularly preferred embodiment of the invention therefore provides 
10 a method of substantially preventing or reducing uterine contractility or 
uterine contractions associated with pre-term labour the method 
conq)rising administering to the female an effective amount of a compound 
which selectively inhibits COX-2 function. 

15 Thus, a compound which selectively mhibits COX-2 function substantially 
reduces or prevents uterine contractions. Contractility is tbe rate or extent 
of contraction; the uterus has intrinsic contractility. 

Thus, the compound which selectively inhibits COX-2 function acts as a 
20 tocolytic agent. 

A further particularly preferred embodiment provides a method of 
substantially preventing or reducing ripening of die cervix the method 
comprising adnmiistering to the female an effective amount of a compoxmd 
25 which selectively inhibits COX-2 function. 

A second aspect of the invention provides a method of substantially 
preventing or reducing uterine contractility the method comprising 
admmistering to the female an effective amount of a compound which 
30 selectively inhibits COX-2 function. As for the first aspect of the 
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invendoB the uterine contractility (or uterine contractions) may be 
associated with the onset or continuation of labour, especially the onset of 
pre-term labour. 

5 Suitably, the female is pregnant and the uterine contractility occurs during 
pregnancy. Conveniently, the metiiod substantially prevents or reduces 
pre-term labour. 

However, the method of the second aspect of the invention is also useful 
10 in substantially preventing or reducing uterine contractility or contractions 
in non-pregnant women. Such uterine contractions occur in some women 
during menorrhagia (excessive uterine bleedmg occurring at regular 
intervals of menstruation). Thus, the mvention includes the substantial 
prevention or reduction in menorrhagia in women by administration of a 
15 compound which selectively inhibits COX-2 function. 

It is preferred if the compound is administered following (a) signs of pre- 
term labour in the pregnant woman, or (b) an indication that the pregnant 
woman is at risk of pre-term labour, especially uterine contractions, or (c) 
20 symptoms of menorrhagia. 

It is preferred if administration of the compound commences during the 
second or third trimester of pregnancy when the compound is administered 
prophylactically. 

25 

If the compound is used to substantially inhibit contractions during pre- 
term labour it is preferred if the compound is administered for a period of 
between 24 and 72 hours, preferably 48 hours. 



30 The compound, or a formulation thereof, may be administered in any 
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conventional way. The compound, or a fonmilation thereof, may be 
administered intravenously or via intraamniotic or intravaginal 
administration but it is particularly preferred if the compound or 
formulation is administered orally or rectally to the mother. The 
5 treatment may consist of a single dose or a plurality of dose over a period 
of time. 

The compound may selectively inhibit COX-2 function at any level. 
Suitably, the compound selectively inhibits COX-2 enzyme activity. 

10 

By "selectively inhibits COX-2 enzyme activity" we mean that the 
compound prefisrably inhibits COX-2 in preference to other cyclo- 
oxygenase Mizymes, in particular in preference to cyclo-oxygenase-1 
(COX-1). The COX-1 geite and die sequence of its polypeptide product 
15 are described in Yokoyama and Tanabe (1989) Biochem. Biophys. Res. 
Comm. 165, 888-894 incorporated herein by reference. COX-2 is also 
caUedPGHS-1. 

Conveniently, the compound which selectively inhibits COX-2 enzyme 
20 activity is at least ten tintes better at inhibiting COX-2 than COX-1; 
preferably it is at least fifty times better; preferably it is at least one 
hundred times better; still more preferably it is at least one thousand times 
better and in greater preference it is at least ten thousand times better. 

25 It is most preferred if the compound has substantially no inhibitory activity 
against the COX-1 enzyme. 

Convenientiy, die compound selectively inhibits COX-2 enzyme 
production. The compound may, for example, selectively prevent 
30 transcription of the COX-2 or it may selectively prevent translation of the 



wo 97/31631 PCT/GB97/00529 

14 

COX-2 message. 

By "selectively inhibits COX-2 enzyme production'' we mean that the 
compomid preferably inhibits the production of COX-2 in preference to 
5 other cyclo-oxygenases, in particular in preference to the production of 
COX-1. 

Conveniently, the compound which selectively mhibits COX-2 enzyme 
production is at least ten times better at inhibiting COX-2 production than 
10 COX-1 production; preferably it is at least fifty times better; more 
preferably it is at least one hundred times better; more preferably still it 
is at least one thousand times better; and in greater preference it is at least 
ten thousand times better. 

15 It is most preferred if the compound has substantially no inhibitory activity 
against COX-1 enzyme production. 

Methods for identifying whether a particular molecule is a compound 
which selectively inhibits COX-2 function include the following: 

20 

Activated macrophages are known to express COX-2 and thereby 
synthesise prostaglandin. Seminal vesicle cells are known to express 
COX-1 and thereby synthesise prostaglandm. Compounds which 
selectively inhibit prostaglandin synthesis in activated macrophages 

25 compared to prostaglandin synthesis in seminal vesicle cells are 
compounds which selectively inhibit COX-2 function. By measuring the 
synthesis of prostaglandins from their precursor arachidonic acid 
automated screening procedures can readily be devised by the person 
skiUed in the art. It will be appreciated that the compounds identified by 

30 this screen may be COX-2 enzyme inhibitors or compounds which 
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selectively inhibit COX-2 enzyme production, for example by inhibiting 
COX-2 gene transcription or COX-2 mRNA translation. 

Alternatively or additionally cells which produce COX-1 or COX-2, and 
5 can be used in a cell-based assay can be made by transfection with the 
relevant gene or cDNA. The COX-1 and COX-2 cDNAs are known as 
disclosed above. 

Pure COX-1 and COX-2 enzyme can be produced usmg recombinant 
10 DNA techniques and the crystal structures of COX-1 and COX-2 are 
known. Biochemical screening of test compounds to select COX-2 
selectively inhibitors can be carried out using purified COX-1 and COX-2 
enzyme using methods tiiat are known to the person skilled in the art. 

15 The method described in WO 95/ 1 8969 , incorporated herein by reference , 
may be useful in identifying selective inhibitors of COX-2 function. Test 
compounds for screening by any suitable method may be from any library , 
or collection, of chemicals, including those made by combinatorial 
chemistry and derived from plant extracts. By "chemicals" we include 

20 molecules such as oligonucleotides and the like. 

A suitable collection of chemicals to screen are those described in US 
3,840,597 to Moore and Harrington, incorporated herein by reference, 
especially those compounds with a formula 



25 
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Wherein R, is an optionaUy halogenated alkyl radical, R is hydrogen, alkyl 
or a pharmaceuiically acceptable cation, X is alkoxy, alkyl, halogen, 
acetamido. nitre, hydrogen, amino, alkoxycarbamoyl or dialkyiammo, Y 
is nitre, amino, alkoxycarbamoyl. dialkylamino or hydrogen, provided that 

5 one of X and Y is nitro, amino, alkoxycarbanaoyl, or dialkyiammo, Z is 
halogen, nitro or hydrogen, Z' is halogen, alkyl, alkoxy, nitro, ammo, 
aikanamido, haloalkyl, hydroxy, dialkyiammo, alkoxycarbamoyl. 
alkylthio, alkylsulfonyl, alkanoyl, or alkylsulfinyl and n is 0-2, provided 
that the individual aliphatic groups appearing to the R,, R, X, Y, and Z' 

10 moieties contain from one to four carbon atoms each, but excluding 
nimesulide. 

Also suitable as a collection of chemicals to screen are ihose described in 
GB 2 092 144 to Sdiering. incorporated herem by reference, especially 
15 those compounds with a formula 




20 



in which R» represents a hydrogen atom, a methanesuiphonyl group or an 
acetyl group, and R, and R, together represent an oxo group or an 
oximino group or R^ repres«its a hydrogen atom and R, represents a 
25 hydrogen atom; a hydroxyl group or an amino group, but excluding 

flosulide. 

Also suitable as a coUection of chemicals to screen are those described m 
US 4,233.299 to Engel et al, incorporated herem by reference, especiaUy 
30 those compounds with a formula 
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5 wherein R, is hydrogen, methyl or ethyl; is methyl, ethyl or n-propyl; 
and Y is hydrogen, methyl, methoxy, fluorine or chlorine or a non-toxic, 
pharmacologically acceptable salt thereof formed with an inorganic or 
organic base, but excluding meloxicam. 

10 The synthesis of at least some of the above-mentioned collections of 
chemicals is described in the relevant aforementioned patent or patent 
application. 

Inclusion complexes of nimesulide alkaU and alkaline earth salts may also 
15 be useful such as those described by WO 94/28031, incorporated herein 
by reference. 

A particularly preferred embodiment is wherein the compound is any one 
of nimesulide, 4-hydroxynimesulide, flosulide, and meloxicam. 

20 

NimesuUde is N-(4-nitro-2-phenoxyphcnyI) methanesulfonamide (also 
called 4-nitro-2-phenoxymethanesulfonanilide). Nimesulide is 100-fold 
more specific for COX-2 inhibition tban for COX-1 inhibition. 
Nimesulide is manufactured by Boehringer. 

25 

Flosulide is 6-(2,4-difluorophenoxy)-5-methyl sulphonylamino-l-indanone 
(also known as N-6-(2,4-difluorophenoxy)-l-oxo-indan-5-yl methane- 
sulphonamide). Rosulide is 1000-fold more specific for COX-2 inhibition 
than for COX-1 inhibition. Flosulide is manufactured by Ciba Geigy. 
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Meloxicam is 4-hy<iroxy-2-methyl-N-(5-methyl-2-thiazolyl)-2H-l,2- 
beiizothiazine-S-carboxamide 1,1 -dioxide. Meloxicam is 1000-fold more 
specific for COX-2 inhibidon.than for COX-1 inhibition. Meloxicam is 
manufactured by Boehringer. 

5 

The synthesis of nimesulide is well known and is described in US 
3,840,597; the synthesis of flosulide is well known and is described in GB 
2 092 144; and the synthesis of meloxicam is well known and is described 
in US 4,233,299. 

10 

Other COX-2-specific inhibitors which may be useful in the practice of the 
invention include: 

L 475 L337 whidi is 500-fbld more specific for COX-2 inhibition than for 
15 COX-1 inhibition. This is mamifiEictured by Merck Frost. 

SC 58125 Celecoxib which is 100-fold more specific for COX-2 inhibition 
than for COX-1 inhibition. Celecoxib is manufacmr«i by Searle. 

20 NS 398 which is manufactured by Taisho and which is very highly 
selective for COX-2. 

DuP 697, which is COX-2-selective and is manufactured by DuPont. 

25 Preferably, the female is administered between 0.1 and 40 mg/kg of 
nimesulide; more preferably between 1 and 20 mg/kg; still more 
preferably between 2 and 10 mg/kg; and most preferably between 3 and 
6 mg/kg. 

30 Preferably, the female is administered between 0.1 and 40 mg/kg of 
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flosulide; more preferably between 1 and 20 mg/kg; still more preferably 
between 2 and 10 mg/kg and most preferably between 3 and 6 mg/kg. 

The amount of nimesulide, flosulide or meloxicam administered in the 
5 methods of the present invention may be the same as the amount 
administered in other indications for these drugs. Conveniently, in order 
to prevent uterine contractions, 200 mg of nimesulide may be administered 
to the woman every twelve hours for four doses* or it may be 
administered as a 200 mg suppository once daily. 

10 

Nimesulide, flosulide and meloxicam are COX-2 enzyme mhibitors, 
probably con5)etitive inhibitors. 

The female may be any female mammal such as human, horse, pig, cow, 
15 sheep, dog and cat. 

It is preferred if the female is a hmnan female. 

A particular advantage of the present invention is that the COX-2 inhibitor 
20 reduces the possibility of harm being done to the foetus compared with 
other tocolytic agents. This is particularly the case when the COX-2 
mhibitor is nimesulide, flosulide or meloxicam; more particularly when it 
is nimesulide. 

25 A third aspect of the invention provides a pharmaceutical composition 
comprising a compound which selectively inhibits COX-2 function and a 
further component that is usefully administered to a female who has or is 
at risk of pre-term labour, or a female who has or is at risk of uterine 
contractions, or a female who suffers from menorrhagia. 

30 
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Thus, the pharmaceutical compositioa is useful in the methods of the first 
or second aspects of the invention. The said further compound that is 
usefully administered may be. any conopound that is useful to administer 
with the compound which selectively inhibits COX-2 enzyme function in 
5 the first or second aspects of the invention. 

It is preferred if the further compound is a progestogen, progestin or other 
progestational agent. In particular is included tiie naturally occurring 
hormone progesterone and its analogues such as allyloestrenol, 
10 dydrogesterone, hydroxyprogesterone and medroxyprogesterone. 
Progestogens also mclude testosterone analogues such as norethisterone. 

Progesterone is preferred. 

15 The further compound may be a tocolytic and conveniently is any of beta- 
sympathormmetics, anti-oxytocins or calcium channel blockers as well as 
progesterone. 

A fourth aspect of the invention provides a pharmaceutical composition 
20 comprising a compound which selectively mhibits COX-2 function wherem 
the composition is in a form adapted for delivery to the female 
reproductive system. 

By "female reproductive system" we include those parts that develop 
25 during pregnancy including the amnion. 

Preferably, the said composition is in a form adapted for delivery via or 
into the rectum, vagina or amnion of the mother; also preferably the 
composition is adapted for delivery to the cervix. Thus, conveniently the 
30 composition is a pessary, sponge, ring, gel or other device adapted for 
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delivery to the female reproductive system, particularly the vagina. 
Pessaries, gels, sponges, rings and other such devices are well known in 
the art, for example in varioiis chemical contraceptive methods. 

5 It is well known that the pH of the vagina is usually acid due to the 
presence of Lactobacilli; it is preferred if the said conqjound is prepared 
in a coraposidon in a form which is relatively stable to acidic conditions, 
especially those found in the vagina. 

10 It is also preferred if the composition is conqjatible widi the amniotic fluid 
and that the composition is delivered into the amnion. The amniotic fluid 
has a distinct pH and a distmct osmotic tension. It is particularly 
preferred if the conposition comprises a confound which selectively 
inhibits COX-2 function and a further component, such as a liquid in 

15 which said compound is dispersed or dissolved, which has substantially the 
same pH or substantially the same osmotic tension as amniotic fluid. The 
amniotic fluid pH and osmotic tension are well known to, or can be 
readily measured by, the person skilled in the art. 

20 It is prefCTred if fihe compound selectively inhibits COX-2 enzyme activity . 

It is also preferred if the compound selectively inhibits COX-2 enzyme 
production. 

25 It is particularly preferred if the compound is any one of mmesulide, 
flosulide, 4-hydroxynimesulide, or meloxicam. 



The formulations may conveniently be presented in unit dosage form and 
may be prepared by any of the metiiods well known in the art of 
30 pharmacy. Such methods include die step of bringing into association die 
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active ingredient (for example, COX-2-selective inhibitor) with the carrier 
which constitutes one or more accessory ingredients. In general the 
formulations are prepared by uniformly and intimately bringing into 
association the active ingredient with liquid carriers or finely divided solid 
5 carriers or both, and then, if necessary, shaping the product. 

Formulations in accordance with the present invention suitable for oral 
administration may be presented as discrete units such as capsules, cachets 
or tablets, each containing a predetermined amount of the active 
10 ingredient; as a powder or granules; as a solution or a suspension in an 
aqueous liquid or a non-aqueous liquid; or as an oil-in-water liquid 
emulsion or a water-in-oil liquid emulsion. The active ingredient may also 
be presented as a bolus, electuary or paste. 

15 A tablet may be made by compression or moulding, optionally with one 
or more accessory ingredients. Compressed tablets may be prepared by 
compressing in a suitable machine the active ingredient in a free-flowing 
form such as a powder or granules, optionally mixed with a binder (eg 
povidone, gelatin, hydroxypropyhnethyl cellulose), lubricant, inert diluent, 

20 preservative, dismtegrant (eg sodium starch glycolate, cross-linked 
povidone, cross-lmked sodium carboxymethyl cellulose), surface-active or 
dispersing agent. Moulded tablets may be made by mouldmg in a suitable 
machine a mixture of the powdered compound moistened with an inert 
liquid diluent. The tablets may optionally be coated or scored and may be 

25 formulated so as to provide slow or controlled release of the active 
ingredient therein usmg, for example, hydroxypropyhnethylcellulose m 
varying proportions to provide desired release profile. 

Formulations suitable for topical administration in the mouth include 
30 lozenges comprising the active mgredient in a flavoured basis, usually 
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sucrose and acacia or tragacanfli; pastilles comprising the active ingredient 
in an inert basis such as gelatin and glycerin, or sucrose and acacia; and 
moutb-washes comprising the .active ingredient in a suitable liquid carrier. 

5 Formulations suitable for parenteral administration include aqueous and 
non-aqueous sterile injection solutions which may contain anti-oxidants, 
buffers, bacteriostats and solutes which render the formulation isotonic 
with the blood of the intended recipient; and aqueous and non-aqueous 
sterile suspensions which may include suspendmg agents and thickening 

10 agents. The formulations may be presented in unit-dose or multi-dose 
containers, for example sealed ampoules and vials, and may be stored in 
a freeze-dried (lyoplulised) condition requiring only the addition of the 
sterile liquid carrier, for example water for injections, immediately prior 
to use. ExtCTiporaneous injection solutions and suspensions may be 

15 prepared from sterile powders, granules and tablets of die kind previously 
described. 

Preferred unit dosage formulations are those containing a daily dose or 
unit, daily sub-dose or an ^propriate fraction thereof, of an active 
20 ingredient. 

It should be understood that in addition to the ingredients particularly 
mentioned above the formulations of this invention may include other 
agents conventional in the art having regard to the type of formulation in 
25 question, for example those suitable for oral administration may include 
flavouring agents. 

A fifth aspect of the invention provides use of a compound which 
selectively inhibits COX-2 function in die manufacture of a medicament 
30 for substantially preventing or reducing uterine contractility, or for 
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substantiaUy preventing or reducing at least one of the changes in the 
female reproductive system associated with the onset or continuation of 
labour. 

5 A sixth aspect of the invention provides use of a compound which 
selectively inhibits COX-2 function as a tocolytic agent. 

The invention will now be described m more detail with reference to the 
following Examples and Figures wherein 

10 

Figure 1 shows etfaidium stained gel showing COX-2 RT-PCR products 
amplified from fetal membranes at various gestational ages. 

Figure 2 shows the effect of IL-l/S (top panel) and TPA Oower panel) 
15 upon expression of COX-2 (measured by qRT-PCR) in WISH cells. 

Figure 3 shows the effect of LPS upon expression of COX-2 (measured 
by qRT-PCR) in intact fetal membraiKS. 

20 Figure 4 shows ethidhun stained gels showing expression of COX-1 
Oower panel) and COX-2 (upper panel) in human fetal heart at between 
20 and 24 weeks. 

Figure 5 shows the action of nimesulide on prostanoid formation inhuman 
25 fetal membranes stimulated with interleukm-l^. 

Figure 6 shows the effect of prophylactic Nimesulide upon amniotic fluid 
index in a single patient at very high risk of preterm labour. Nimesulide 
was given from 17 to 34 weeks. Preterm labour began 7 days after 
30 therapy was stopped. Amniotic fluid index remained within normal limits 
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toughout treatment whereas treatment with the COX non-selective drug 
Indomethacin characteristically causes oligohydramnios within 7 days. 

Figure 7 shows the effect of Nimesulide upon contractility in isolated 
5 human pregnant myometrial strip in an organ bath. Nimesulide 
significandy inhibits uterine contractions, suggesting an important role for 
COX-2 in uterine contractility. 

Figure 8 shows COX-1 (top panel) and COX-2 (bottom panel) expression 
10 in myometrium at various gestational ages and before and after labour. 
E;q>ression of the two genes is at similar levels of mRNA abundance but 
COX-2 expression mcreases near to term and with labour. This shows 
that increased prostaglandin synthesis in myometrium associated with 
labour is due to COX-2. It is likely that COX-1 mediates the synthesis of 
15 prostacyclin, a prostaglandin diat inhibits uterine contractility, whereas 
COX-2 mediates synthesis of prostaglandin F2a which stimulates 
contractions. Use of a COX-2 specific antiprostaglandin in preterm labour 
would inhibit prostaghmdin F2a synthesis but not prostacyclin synthesis 
whereas a non-selective antiprostaglandm would inhibit synthesis of both 
20 compounds. 

Figure 9 shows ihe effect of Nunesulide upon PG syndiesis m human fetal 
membranes compared with that of Indomethacin. Membranes have been 
stimulated using ILlb to upregulate PG synthesis. ILlb is tiiought to be 
25 an important mediator of preterm labour. Nimesulide shows a 100 fold 
selectivity for COX-2 whereas Indomethacin is non-selective. Both have 
similar effects upon membrane prostaglandin synthesis suggesting that IL- 
lb stimulation of prostaglandin synthesis in fetal membranes is mediated 
via COX-2 and not COX-1. 

30 



wo 97/31631 



PCT/GB97/0OS29 



26 

y.«iin pleli COX-2 exnression in pregnancY 

When studied over a range of gestational ages (using fetal mranbranes 
obtained following pregnancy termination or pre-tecm caesarean section) 

5 we have found that tiiere is a marked increase in COX-2 expression in the 
later part of the third trimester, before the onset of labour (Fig 1). It is 
believed that this mcrease m COX-2 ejq)ression produces the 
prostaglandins which mediate the remodelling of the cervix and explains 
why only a modest rise in COX-2 expression in fetal membranes collected 

10 at term before and after labour. 

In experim«its using an immortalised amnion cells line (WISH) we found 
that both IL-1/3 and the phoiboi ester tumor promoting agent TPA caused 
a rapid induction of COX-2 expression with peak expression by 30 

15 minutes (Fig 2). Similarly we have found that Lipopolysaccaride (LPS, 
a bacterial cell wall component) stimulation of human fetal membranes, 
in a model of infection, causes a biphasic mcrease in COX-2 ej^ression, 
with peaks at 30 minutes and 8 hours, probably due to an mitial direct 
e^t on transcription foUowed by a secondary effect perhaps mediated by 

20 synthesis and release of cytokines such as IL-1/3 (Fig 3). These 
observadons may explain the stimulation of botii substrate release {via 
phospholipase) and prostaglandm synthesis (via cycio-oxygenase) where 
pre-term labour is caused by infection. It also suggests that the increase 
in cyclo-oxygenase activity m pre-term labour is due to increased 

25 expression of COX-2. The biochemical mechanisms which act where 
preterm labour is not associated with mfection are not currently known but 
our data predict that they will also involve increased expression of COX- 
2. 



30 In the myometrium prior to labour the prmcipal COX metabolite of 
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arachidonic acid is prostacylin. This acts to suppress myometrial 
contractility. With the onset of labour there is synthesis of prostaglandin 
F2a which is a powerful oxytocic. We believe that, in myometrium, 
prostacyclin synthesis is COX-1 mediated, whilst prostaglandin F2a 
5 synthesis is COX-2 mediated. 

In contrast, we have shown that in fetal tissues such as heart, kidney, 
brain and gut, COX-1 expression exceeds that of COX-2 (Fig 4). This 
strongly suggests tiliat it is COX-2 whose increased expression mediates 
10 die onset of labour at term whilrt COX-1 mediates normal fetal 
physiological function such as vascular tone, ductal patency, glomerular 
filtration rate and tubular reabsorbation. 

TryoT» pl«> Tnhibitioii nf rnX-2 meH iat^ prostaglandin synthesis by 
15 Nimesnlide 

We have used intact human fetal membranes, stimulated with mterleukin- 
1|3, to investigate the inhibition of COX-2 mediated prostaglandin 
synthesis by Nimesulide. 



20 



Two cm discs of fetal membranes obtained after elective caesaiean section 
were cultured m medium contaming Interleukin-l^ (1 and 10 ng/ml) and 
Nimesulide (10 and 100 /tM). Control wells contained culture medium 
without IL-1/3 or NimesuUde. After 24 hours Prostaglandin E2 

25 concentration was measured by EUSA (Amersham Life Science). 
Stimulation widi IL-1/3 at either concentration caused an increase in 
prostaglandin synthesis of almost two fold compared witii basal 
production. Inhibition of prostaglandin production was profound and 
similarly effective at 10 and 100 /iM Nunesulide. Significant inhibition 

30 (p<0.05) was apparent when comparing all Nimesulide groups witii 
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control and cytokine induced con&xjl (Fig S). 

Previous studies whichi have suggested that Nimesulide does not exert its 
anti-inflannnatory effects through inhibition of COX or prostaglandin 

5 synthesis used experimental systems based upon bovine seminal vesicle 
microsomes or gastric tissue, which express COX-1 (Magni (1993) Drugs 
46 (Suppl 1), 10-14). These data can therefore be remterpreted as 
showmg that Nimesulide has little efBsct upon the constitotively expressed 
type-1 COX. In our system, whidi expresses COX-2, Nnnesulide acts as 

10 a powerfiil antiprostaglandm. We have found that expression of COX-2 
in fetal membranes is increased several weeks prior to onset of labour. 
This is believed to contribute to mcreased basal synthesis of prostaglandins 
which explams inhibition by Nimesulide to below levels of basal 
production in these e:q)eriments. 

15 

Although they are highly effective at inhibition of contractions and 
delaymg of delivery (Keirse 1995) die use of anti-prostaglandins such as 
Indomethacm in pre-term labour is limited by fetal side effects. These 
include constriction of the ductus arteriosis, oligohydramnios, renal 

20 tubular dysfunction, mtracranial haemorriiage and necrotismg entercoUtis. 
It is likely that each of these side effects is mediated by mhibition of 
constitotively synthesised prostaglandms m fetal tissues. Smce constitotive 
prostaglandin synthesis is likely to be mediated by COX- 1, the use of at 
least some COX-2 specific anti-prostaglandins allows inhibition of pre- 

25 term contractions without fetal side effects. 

Figure 7 shows die effect of Nnnesulide upon conttactility m isolated 
human pregnant myometrial strip m an organ bath. Nimesulide 
significantly mhibits uterine contractions, suggesting an unportant role for 
30 COX-2 in uterine contractility. 



wo 97/31631 



PCT/GB97/00529 



29 

Figure 8 shows COX-1 (top panel) and COX-2 (bottom panel) expression 
in myometrium at various gestational ages and before and after labour. 
Expression of the two genes is at similar levels of mRNA abundance but 
COX-2 expression increases near to term and with labour. This shows 

5 that increased prostaglandin synthesis in myometrium associated with 
labour is due to C0X.2. It is likely that COX-1 mediates the synthesis of 
prostacyclin, a prostaglandin that inhibits uterine contractility, whereas 
COX-2 mediates synthesis of prostaglandin F2a which stimulates 
contractions. Use of a COX-2 specific antiprostaglandm mpretenn labour 

10 would inhibit prostaglandin F2a synthesis but not prostacyclin synthesis 
whereas a non-selective antiprostaglandm would mhibit synthesis of both 
compounds. 

Figure 9 shows the effect of Nimesulide upon PG synthesis m human fetal 
15 membranes conq>ared with diat of Indomediacin. Membranes have been 
stimulated using ILlb to upregulate PG synthesis. ILlb is thought to be 
an important mediator of preterm labour. Nimesulide shows a 100 fold 
selectivity for COX-2 whereas Indometiiacm is non-selective. Both have 
shnilar effects upon membrane prostaglandin synthesis suggesting that IL- 
20 lb stimulation of prostaglandin synthesis in fetal membranes is mediated 
via COX-2 and not COX-1 . 

■R.-mwi plft 3; Patient treaf ftri with Nimesulide 

25 The patient was a 31 year old in her tenth pregnancy with no live 
children. Eight previous pregnancies, managed abroad, had ended m 
qK)ntaneous preterm delivery at 27, 27. 26. 25, 29, 30, 27 and 32 weeks 
with early neonatal death m every case. She had also had one 
spontaneous 18 week miscarriage. Vagmar cervical circlage was 

30 performed in the fourth and subsequent pregnancies. Prior to this 



wo 97/31631 



PCT/GB97/00529 



30 

pregnancy, cervical cirdage was performed abdominally as an interval 
procedure. Since we considered her at very high risk of preterm delivery 
she was treated with Nimesulide, administered once daily as a 200 mg 
suppository from 16 weeks. Betamethasone 12 mg i.m. was given twice 

5 at 12 hourly intervals once every week from the 24th week until delivery . 
Ultrasound scans were performed at weekly mtervals for measurement of 
amniotic fluid index (AFD from 16 weeks and for ductal pulsatility index 
and peak velocity from 25 weeks. Doppler flow indices for the ductos 
and for the umbilical and middle cerebral arteries remained normal. 

10 Amniotic fluid index also remained normal throughout the pregnancy. 
There were no episodes of threatened preterm labour or contractions until 
Nimesulide was electively discontinued at 34 weeks. Seven days later she 
laboured and was delivered by caesarean section. The baby was ventilated 
for one day because of mUd respiratory distress syndrome and then had 

15 an uncomplicated neonatal course. 

Figure 6 shows the effect of prophylactic Nimesulide upon amniotic fluid 
index in a single patient at very high risk of preterm labour. Nimesulide 
was given from 17 to 34 weeks. Preterm labour began 7 days after 
20 therapy was stopped. Amniotic fluid mdex remained withm normal Innits 
throughout treatment whereas treatment wilh the COX non-selective drug 
Indomethacin characteristically causes oligohydramnios within 7 days. 
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CLAIMS 

1 . A method of substantially preventmg or reducing at least one of the 
changes in the female reproductive system associated with the onset 

5 or contmuation of labour the method comprising adm i nistering to 

the female an effective amount of a compound which selectively 
inhibits cyclo-oxygenase-2 (COX-2) function. 

2. A method according to Claim 1 wherein pre-term labour is 
10 substantially prevented or reduced. 

3. A method according to Claim 1 or 2 wherein uterine contractility, 
or uterine contractions, associated with pre-term labour are 
substantially prevented or reduced. 

15 

4. A method according to Clahn 1 or 2 wherein ripening of the cervix 
is substantially prevented or reduced. 

5. A method of substantially preventing or reducing uterine 
20 contractility, the method comprising administering to the female an 

effective amount of a compound which selectively inhibits COX-2 
function. 

6. A method according to Claim 5 wherein the female is pregnant and 
25 uterine contractions occur during pregnancy. 

7. A method according to Claim 5 wherein the uterine contractions are 
associated with menorrhagia. 



30 8. 



A method according to Clauns 1 or 5 wherein the compound is 
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administered following (a) signs of pre-term labom* or (b) an 
indication that the pregnant woman is at risk of pre-term labour or 
(c) symptom of menorrjiagia. 

5 9. A method according to any one of Claims 1 to 6 wherein the 
compomid is administered during the second or third trimester of 
pregnancy. 

10. A method according to Claim 9 wherein the compound is 
10 administered prophylactically. 

11. A method according to any one of Claims 1 to 10 wherein die 
compound is administered intravaginally. 

15 12. A method according to any one of the preceding claims wherein the 
compound selectively inhibits COX-2 enzyme activity. 

13. A method according to any one of Claims 1 to 1 wherein the 
compound selectively mhibits COX-2 enzyme production. 

20 

14. A method according to any one of Claims 1 to 13 wherein the 
compound is any one of nimesulide» flosulide, or meloxicam. 

15. A method according to Claim 9 wherein the female is administered 
25 between 0.1 and 40 mg/kg of nimesulide or flosulide. 

16. A pharmaceutical composition comprising a compoxmd which 
selectively inhibits GOX-2 function and a further component that is 
usefully administered to a female who has or is at risk of pre-term 

30 labour, or a female who has or is at risk of uterine contractions, or 
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a female who suffers from menorrhagia. 



17. A composition according to Claim 16 wherein the further 
compound is a progestogen or a progestin or other progestational 

5 agent. 

18. A pharmaceutical composition comprising a compound which 
selectively inhibits COX-2 function wherein the* composition in a 
form adapted for delivery to the female reproductive system. 

10 

19. A composition according to Claim 18 in a form adapted for 
delivery to the vagina or cervix. 

20. A composition according to Claim 18 or 19 in the form of a 
15 pessary, gel or ring. 

.21. A composition according to Claim 18 or 19 in a form which is 
relatively stable to acidic conditions. 

20 22. A composition according to Claim 18 in a form which is 
compatible with the amniotic fluid. 

23. A composition according to Claim 22 comprising said compound 
and a further component which has substantially the same pH or 
25 osmotic tension as amniotic fluid. 

24 . A composition according to any one of Claims 16 to 23 wherein the 
compound selectively inhibits COX-2 enzyme activity. 



30 25. 



A composition according to any one of Claims 16 to 23 wherein the 
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compound selectively inhibits 00X^2 enzyme production. 

26. A composition according to any one of Claims 16 to 23 wherein the 
compound is any one of nimesulide, flosulide, or meloxicam. 

5 

27. Use of a compound which selectively inhibits COX-2 function in 
the manufacture of a medicament for substantially preventing or 
reducing uterine contractility, or for substantially preventmg or 
reducing at least one of the changes in the female reproductive 

10 system associated with the onset or continuation of labour. 

28. Use of a compound which selectively inhibits COX-2 function as 
a tocolytic agent. 



15 



29. 



Any other novel use of a compound which selectively inhibits 
COX-2 function as herein described. 
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